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FOREWORD

This report is submitted to the Goddard Space Flight Center,
National Aeronautice and Space Administration as a deliverable item
pertaining to Purchace Order No. 5-30544-D, dated 9-12-84 and amended
2-26-86. The scope of work concerns a review of the Nimbus 7 Earth
Radiation Budget data set and to point out its strong and weak points. In
view of the timing of this report relative to the processing schedule of
Nimbus 7 ERE observations, emphasis is placed on a new methedology of
interpreting the scanning radiometer data to develop directional albedo
models. These findings enhance the value of the Nimbus 7 ERB data set and
can be applied to the interpretation of both the scanning and non-scanning

radiometric opservations.
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A New Methodology of Determing Directional Albedo Functions
from Nimbus 7 ERD Scanning Radiometer Measurements

1. Introduction

The Nirbus 7 ERB data set comprises observations by three separate
instrument groups: the solar monitoring radiometers, the bi-axial scanning
rediometers, and the non-scanning wide-field-of-view (WFOV) radiometers.
The scanning radiometers have provided an excellent set of observations for
8 19-month period following leunch, and the non-scanning radiometers have
manitered the solsr irradisnce and the radiant exitance af the earth until

this yesr -- g period of more than ? years of continuous cbservations.

The strengths of the dats set are the excellent coverage of the bi-
axigl scanning radiometers snd the long-term history ef abservations by the
non-scanning instruments. Al the time of this writing, the instrument
performance of the WFOV radiometers is well understood,-and the
procedures for adjusting the instrurent calibrations using the “Global CAT”
methodology rests on & firm footing and hes stood the test of time by many
investigators. This was evident by the presentations of many papers st the
6th Radiation Conference in Williamsburg, VA which incorporated Nimbus 7

observations in their studies, and the WFOV measurements in particular.

However, there appesrs to be inherent value in the WFQOV
observations thet is not fully reslized with the format of the current
presentation of results in the MATRIX archive. The problem rests with the
repest cycle of wbservetions which is shout 6 days for Nimbus 7's orbit. It

tekes & days, perficps longer, Lo fill rmost of the bins so that 8 grid for



mapping the observations is complete. The weather systems have evolved
during this time, and a map represents some composite space-time

variation di.lring the period of observations.

The suggestion here is to use Kaiman filtering procedures to
estimate the observational field on a daily basis. Such a procedure is &
sophisticated interpolating technique in both time (forward and backward:.)
and space. The abcervational field is portrayed by a set of continuous
functions such as a Fourier series which is fit in an optimal sense to 8
finite cet of observations. The coefficients of these functions are the
determined quantity, and their values vary in time. Such a mapping
procedure has been successfully applied to Nimbus 7 LIMS data processing,
and to the mapping of NOAA scanning radiometer observations. Reasonably

‘short data gaps are effectively filled by the Kalman filter procedures. Even

8 map for § missing day of data is estimated from cbservations from the

preceeding snd following days of data. Implementation of such a procedure ..

would fUrther enhance the usefulness of the ERE data set for scientific

investigations.

The remaining portion of this report concerns 8 new method of
determing directional albedo models from the scanner observations of
reflected limb randiace using the principle of reciprocity. The unique
feature of this methodolegy is that the directional albedo function is

determined from observations of the same target srea at g constant zenith

angle of the sun. Thus, the restrictions of sampling from the Nimbus 7 orbit

are relsxed, snd directional albedo models may be determined from

obeervations of any single target area of the world.




ORIGINAL PAGE 1S
OF POOR QUALITY 2. Thearetical Approach

Nimbus ? ERB observations have limitations in their sampling of
target areas as a function of solar zenith angle owing to measurements
from a local noon, sun synchronous orbit. Overhead sun positions (small
zenith angles) occur at tropical latitudes only, and lower sun positions
(larger zenith angles) at mid-latitude and polar regions. Taylor and Stowe
(1984) have studied the variation of albeds with solar zenith angle a(8;y) by
selecting similar targets at different latitudes, and then combining the
nbserved albedos from these targets to form the directional albedo function.
This approach implicity assumes that the physical properties of the
rgdiometric surfaces and the atmospheric conditions are the same at
different latitudes and changing seasons. The uncertainty of this approach

is difficult to assess.

The properties of the directional albedo function may be inferred
from observations of reflected radiances above a target srea by applying the
principle of reciprocity. The scanning radiometer on the ERBE instrument
observes reflected radiances Lgy(8q;8,,¢) for satellite view angles 8, ,
azimuth angles ¢ with respect to the principal ptane, and with a neariy
constant solar zenith angle 8y . Nimbus ?'s orbit naturally constrains
sampling at different 8y for a given latitude and time interval. However,
the directiona! sltedo functicn &(85) = a(B;)/a(0) mai; he approximated os a
power of the direction cosine of the sun, &§(8y) = pgf , if reciprocity is
assumed. The value of p is determined from the slope of 8 modified
Minnaert plot of togfle.{85:8,)) 233inst loglp) where Le(8g;8,) are

observed limb rediances after integrationin azimuth 4, and P 1¢ the

Y s



direction cosine of the satellite view angle, p = cos(B,). This straight-

forward procedure of interpreting Nimbus 7 ERB observations seems to have
been gverlonked in the past, or not explored to its fullest extent. Its

development follows below.

The bi-directional reflectance of a target area is defined as
R(uo;u,¢) = T LS\.,-(BO;B(,A)) f}lg ED (1)

which is the ratio of the actual reflection function to the reflection
function of an ideal white {Lambert) surface. pqg Eg is the incident solar
irradiance par unit surface area. In the reciprocity principle, the hi-

directional reflectance may be reciprocated and is symetric. That is,

Rlio:i8) = RlHibo ®) = R(iHg,4) - o @

The first equal sign expresses the reciprocity principle, and the second
equal sign states the symetry assumplion. See van de Hulst (1980). For
each (p1,4) coordinate pair, there is a corresponding {}i5,9) pair. Thus,
R{pg; ) = R(y;pg) efter integrating in azimuth to eliminate the strong
farward scattering properties of bi-directional reflectance. If the
magnitude of the flux from the sun arriving at the earth per unit aresis m,
then

st(Bg,’Be) = pﬁ(ﬂg;}.l) and Lg\f(ﬂe,‘ﬁg) = o H(!.l,‘l.lo) (3)

-

using the definition in {1},
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Minngert (1941; see also Minnaert, 1951) has suggested an

empirical relationship for interpreting photometric data from planets. This

relationship is
Lew(B0;8e, ) B = const. {ppg)¥ - (4)

which obeys the reciprocity principle. This expression states that the
radiance is described by the direction cosines and two constants. The plots
of log{Lp) against log(ppg) from which the constant k is the slope are

knowh as "Minngert plots” (van de Hulst, 1980).

The procedure herein employs 8 modified form of the Minnaert plot.

From (4), the [imb radiance may be expressed as

Low(Bo:8e) = 1ok Lew(0;0) 1P U ¢
where the exponent p =k -1. Lgy(0,0) is the radiance for a zenith sun and
a zenith view from the satellite. A plot of log(ley) sgainst log(p) from
which the constant p may be read as a siope is the modified Minnaert plot.
It will be shown below that the constant p is the exponent of the direction

cosine of the directional albedo function.

Continuing with this line of reasoning, the reflected exitance
Msyw(Bg), the albedo a(By) = M=y (83)/pg Eg, and the directional albedo
function §(8;) are expressed in terms of equation (S). The reflected

exitance as g function of =oiar zepith angle tecomes
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Mew(By) = 2 1 [ Lgy(8g;8.) p sin(8,) d8,

2

=21 LS\‘.‘{(0,0) UUK I uK Sin(Be) dBe . (6)

The albedo expressed as a function of solar zenith angle is

R

8(8y) = 1211 Ly (0,0 o | 1K sin(8,) d8, 1/ Eg . )

Note that the exponent p of the direction cosine pg is the same constant
as the slope of the modified Minngert plot using (S). Finally, the directional

albedo function is simply

6(80) = IJ.OP ' (8)

since all the other terms cancel on division of a(B) by a(QA)' using (7).

The reciprocity principle holds if the surface properties of the
target are the same. In this approach, the reflecting properites of just one
surface determine the directional albedo function. One avoids the
assumptions of common surfaces properties of targets at different
lati-tudes and constant atmospheric conditions. Simply stated, if the
observed limb radiances of a target Lgy(8,) are constant with 8,, the
reflecting surface is flgt and obeys Lambert's Law. If the radiances are
limb brightened, the directional albedo increases with B8y . Conversely, if
the radiances are limb darkened, the directional albeda decreases with 8g .

As g rule, the radiencos are ususily Hmb tnghtensd. However, there are




exceptions for high sun positions and the southern hemisphere during the

summer season.

The value of the constant p describes the reflecting properties of a
target and may be used as a tag for comparing directional albedos of
different target areas, and changing seasonal conditions. This exponent
varies over a range from about +0.2 to -0.8 in magnitude, and Figure 1
illustrates the interpretation of different p values. If p> 0, the targetis
limb darkened, and for negative values, p <0, the target is fimb
brightened. in the special case where p = 0, the target reflects as &
Lambert surface, and radiances are constant (isotropic) for different
satellite view angles. When examining the Figures presented in Section 4 of
the results, the zero line on & graph may be used to delineate limb
brightened targets from those that ére limb darkened. Limb brightening
implies increasing albedo with solar angle (-p values), and limb darkening

denotes decreasing albedo with solar angle (+p values).



3. Data Processing Procedures

The ERB scenning radiometers on Nimbus 7 satellite observed
reflected rediances from the earth during the 19 manths of operation from
November 1978 through June 1980. Usually the instrument was operated on
8 duty cycle of 3 days on and 1 day off. It is conventient to process
observations for one 3-day period, or groups of 3-day periods, and to select
those pericds when the scan made optimized the angular coverage of

observations.

An estimate of reflected radiance from & target area for &
particular coordinate direction (8,,¢) is determined from the time average

of all radiances falling in a bin defined by angular ranges AB, and A¢d,
centered at (8,,4). This study employed 8 64-bin division of the hemisphere
above the target area including § bins of view angle with a8, = 10° from 5°
to 65°, and 8 bins of azimuth with an interval of A¢ = 45* each. The
azimuth bins were centered on the forweard and backward scattering
direqtions with respect to the principal plane. The zenith sngle of the sun
By i 8lso an aversge value varying during the period of observetion, the
latitude range of the target {10°), and the local time of observation during
satel-lite fly-bys. The computer code compiles observations for every 10°
latitude interva! from 85°M to 85°S. The selection of & 10% fatitude zone is
8 compromice between averaging time, changing declination of the sun and

adequate sampling of target areas.

-




The resuits presented in Secion 4 emphasize seasonal and monthly
groupings of the observations (Table 1). Each seasonal perind comprises 21
days of measurements where the selected dates include the vernal equinox
(March 21), the stumnal equinox (September 22), the cold of winter
(February 1) and the heat of summer (August 1). The opposite seasons of
fall, spring, summer and winter, respectively, occur in the southern
hemisphere. Each latitude zone has a sampling population of about 240,000

scanner observations during a 2 1-day seasonal period.

Eight 3-day perinds were chosen with dates to compliment the four
seasonal times shown in Table 1. Unfortunately, the month of October is the
only missing period in the list becsuse the compiled file was not useable for
this study. However, the fall/spring seasonal observations for the period
centered at day 265 of the year does include early October measurements in
1979, ¥When cor'npiling radiances for each latitude zone, all measurements

for a 3-day period were processed together as one group.

in the case of the four seasonal periods, observations of radiance
gre averaged for the entire sample of 240,000 observations, and are then
subdivided in to estimates of radiance for selected geopraphical areas
including land, ocean, dessert, tundra, and land/ocean mixed (coastal
regions). Further subdivisions at each latitude include mountains and pigins
for land regions; Pacific, Atlantic, Indian and Arctic far ocean regions; all
desert areas for each latitude zone; and, the continent of Antarctica is |
considered a continent in the land/tundra classification. The directionsl
albeda Tunction may be intercompared among each of these geographical

regions, and amang tatituces whare gach clelsificetion accurs.
:l‘\
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*Mid Date
of Perind

1/8/79
2/1/80
3/5/79
3/21/80
4728479
5/24/79
6/17/79
/11479

8/1/79
9/22/78
11/21/78
12/2/78

Table |

Monthly and Seasonal Dhservation Periods
Employed in this Study

Day af Season 21-day 3-day
Year NH/SH  Period  Perind
g X
32 Win/Sum X
64 X
80 Spr/Fall X
118 X
144 X
166 X
) 192 X
213 Sum/Win__ X
265 Fall/Spr X
325 X
341 X

*The periods are not consecutive in time, but may occur one year later.

10
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4. Analysis of Results.

The methodolocy of dsta analysis developed in the theoreticsl
approach of Section 2 was applied to the Nimbus 7 ERB scanning
observations of Table 1 in the manner outlined in Section 3. Four seasons
were explored in detail for 10 classifications of geography and 17 different
lstitudes each. Twelve monthly periods of radiances were processed for 17
different latitudes. Then these results were combined to form generalized
groups of directionsl slbedo models. The possible comui.gaions grow
rapidiy, and about 1,000 individual data points were analyzed before the

study was complete.

\ The discussion of the results below summarizes the essentisl
features of he directional albedo variations shown in the 26 Figures

attached to this report. Only brief comrients concerning the grephs are

mentioned below -- it is hoped thet the reader will examine the plots of ~
dats end drave his or her own conclusions. Perhaps & road map outlining the
grouping of these results will sid the reader in directing ones attention to

particular areas of interest.

_ Section 4.1 Figures 2 - ? => typical ceasonal examples of the
Theoretical Approach of Section 2 including figures of
exponent p variations, modified Minngert plots, and
actual fits to abserved limb radiances.

Section 42  Figqures & - 13 => interesting ceasonal variations of
directional slbedo functions for selected target
classifications including mountaing, deserts and the
Indian Ooezn.

ORIZIS AL Pace 15
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Section 43  Figqures 14 - 16 => monthly and ennual variations of the
directicnsl elbedo functian for combined regions gt
different latitudes

Section 44 Fiqures 17 - 21 => generslized seasonal and ennual
varistions of the directionst glbedo functicns for
selected target classifications.

Section 45 Figures 22 - 26 => comparison of study results with
directional slbedo models used in the EREBE data
processing system (release 3).

4.1 Sessonsl Yeristions - Madified Minneert Plots.

Figures 2 - 4 illustrate results for the spring southern hemisphere
(SH) and fall northern hemisphere (NH) seasons where a1l deta ere grouped
together. InFigure 2, the veristion of the exponent p in equation (&) ranges
from -0.4 inpoler regions of the SHto 0.0 inthe tropics to -05 in the

_ polar regmns of the NH. If ane were emplaying this model to process o

scanner data, 6 different power of p would be used st esch latitude to

interpret the diurnal variation of albedo with soler engle of the sun.

The results shown in Figure 3 and Figure 4 illustrate typicsl
regression fits to observed limb radignces using the spproach of @ modified
Mifmaert plot. Figure 3 shows examples of three plots for latitudes in the

SH mmﬂar to other plotq used to generste the evponents in Figure 2. The
trend lines were fit Lo the cbeervations using the methad of least squares
where the slope of the line defines the expanent p. The stendsrd estimates
of the liresr regressions gre #0011 for 70°3, +0.009 for 40°G, and £0.017

Y e S B S T : P S I R P B T - .
far 10750 fote the Brzamty of the cbizzreed Himb recisnce s even though the

URiarbwind, oa Su oy
OF P@(.«R wA\uW



scenes are-heteorogenzous including observations from clouds, land areas,
ocean areas, deserts, etc. This result confirms the assumption that the

reciprocity-principle may be apptied to heteorogeneous scenes as well as

hornogeneous, pure scenes,

Figure 4 shows the acutal fit to the observed limb radiances
corresponding to the regression lines in Figure 3 of the Minnaert plots. The
computed rms differences between the observed radiances and their
estimates are $2.6 W/(m?-sr) st 70°5, +2.1 W/{m?-sr) at 40°S, and +3.4
v//(m?-sr) st 10°S. These examples are representative of the results of this

study,

Figures S - 7 present a similar grouping of graphs for the summer
SH snd winter I'H seasans. Figure 5 illustrates the variation of the exponent
p with !atitu‘de where it is noted that ‘p = 0 for all latitudes in the SH
during summer. This itaplies that the surface obeys the Lambert Law for all
prictical purposes, and that the directional albedo function is constant and
~ 1. During other times of gear, the exponent is quite negative in value as
for spring in Figure 2. In the MH, the exponent decreases rapidly from 0O to

a value of -0.7 at latitude 60°N.

Figures 6 and 7 shaw Minngert plots and radiance estimates for
selected latitudes in the MH winter. Mote that the slcpes of the regression
lines are more negative compared to those of Figure 3 for SH spring. The
rmes differences are +42 W/{(m-sr) for 60, +5.1 wW/(m2-<r) for 40°N, and

+0.7 WAm3-errfor 1670 Some of the rins difference ic due to chservationsl

13



bias whencompiling average radisnces from a finite number of sstellite

observations.

4.2 Seasonal Variations of Selected Regions.

A selection of interesting seasonal variations is presented in
Figures 8 - 13 where the results portray same of the observations for
specific target aress. Figure S presents limb radiance observations for
mountain regions in the SH summer at latitudes 10°5 and 40°3. The
observed radisnces exhibit limb darkening at 10°3, and the corresponding
exponent value for these observations is p = +0.13 in magnitude. Likewigce,
the magnitudes of the radiances of sbout 180 W/{m?-sr) are as large as any
cbserved in the rest of the world. The observations sre probably associated
with ccnvecti've gctivity across central South America and Africa. In
contrast, the radiances 6t 40°3 exhibit typicsl limb trightening where the

exponent value is -0.06 in magnitude.

‘ The exponent values for desert areas of the world are shown in
Figure 10 for latitudes 20° 10 40° during winter in the MH and summer in the
SH. The values of p are negative during winter and positive during summer.
However, the signs reverse six manths later when the iH desserts have
positive values and the SH deserts negative values. Alwo shown is the
exponent of -0.03 for the continent of Antarctics (see square black symbol

of Figure 10).

"’J‘W;j i “_~
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Figu‘res 11 end 12 itlustrate the variation of limnb radisnces for the
desert reggons of Figure 10. Inthe NH a!l radiance profiles are Himb
brightened (Figure 11) whereas all profiles in Figure 12 are limb dsrkened.
The gzcaciated valuss of p o very from -0.27 to -0.06 in the KH, and +0.03
to +0.11 inthe SH.

An interesting sequence of exponents is observed for the Indian
Qcean region in Figure 13 between tatitudes 20°N and §0°S. The values are
about zero in magnitude for the entire SH, but decresse rapidiy to -0.47 at
20°N. The NH oceans here are the Bay of Bengal east of India and the Arabian
Sea. Obviously, the optical properties of the ocean and atmosphere in the NH

are much different than those in the SH.

4.3 Monthiy snd Annual Variations of Combined Regions.

Figureé_ 14 —_l?qummanze gbs:er;»‘atibn‘s; of ihe é:x:ponent p —for“tt"ne_
twelve pericds listed in Table 1. Figures | +and 13show the variation of p
during the yesr for Istitudes 60° 40° and 10° in the [H and SH,
respectively. The values of p seern coupled principally to the changing
declination of the sun where the exponent increases as winter spproaches
and decreases as summer spproaches in both hemispheres. The seasonsl
rénges sre largest at high latitudes renging from sbout -0.1 to -0.8 from
summer to winter. The corresp'ondmg ranges of e':-‘:ponent are about Q.0 to

-0.4 at mid latitudes and 0.0 to -0.2 st tropical latitudes.
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Suppose one were developing a generalized directional albedo
model* for a period of one year and for the entire world. Results show that
the average annusl exponent would be p = -0.2 in magnitude. Perhaps, the
next level of model sophistication would be to conzider the variation of
exponent with latitude for the sverage of twelve monthly periods. Such
results are shown in Figure 16 where the values range from -0.37 at 60°N
to -0.05 in the tropics to -0.44 at 60°S. The magnitudes at polar latitudes
are sormewhat smaller than those at 60° latitude owing to the seasonal
transition into polar night during winter and, perhaps, different reflecting

properties of the surfac and atmosphere.

Aninteresting scatter plot of all exponent values for the entire year
15 presented in Figure 17 where the values gre plotted as & function of the
zenith angle of a noon cun. Thic angle would be defined ss the sbsolute
difference between the declination of the sun and the latitude of
cbservation. Of course this angle changes continuousty through the course
of the year, and the exponent value in the directional slbhedo function would
also change. Theﬁobservatmns indicate that the earth reflects as a Lambert
surface for zenijh angles less than 20° Then the value of p decreases toa
maqmtude of about -0.7 for a noon sun angle of 80° The scatter of points
is least for a high sun position and tends to diverge for lower sun piitmns.
Most of the scatter of values is gssnciated with seasonal variatio_ns: 3t sun
snales greater than 43° where observed exponents decrease markedly during
aH summer. A simple modza| of directionsl alhedo maw be develoned by
drawing an averslo cume through the scatter of points taken to be the

gunual reean veristion, ind inanko cocount for the sestonal variations at
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each sun angle. Such a procedure would be accurate to about +0.1 of the

observed value of the exponent.

4.4 Generalized Variations in Space and Time.

Figures 18 ~ 21 portray the variations of the exponent with season
for different latitudes and target classifications. InFigure 18, the
observations show the variation of exponent values in the NH as the scene
changes the year. Exponent values are more negative in winter, least
negative in the surnmer, and vary between the extremes during fall and
spring. The seasonal range of variations is practically constant at the )

equator and is & maximum at high latitudes.

Desert regions of the earth generally have more uniform surface

_properties and fewer clouds compared to other areas of the world. Figure

19 shovrs the seasonal variation of exponent values for the degert- - - - - --—
classification. Here the scatter of points is small and the variation with

season significent. For zenith angles af the noon sun less than 25°, deserts
appear to be limb darkened which corresponds Lo their summer segsons. For

high noon sun angles, p = +0.1 inmagnitude. Values decrease from 0.0 to

-0.2 for the spring and fall seasans, snd continue to decrease to -0.3

during winter.

Similar plats are presented for the land classification in the NH
(Figure 20), end for the ocesn regions in the SH (Figure 21). It is interesting

S T S S T O U R T -
that the variationi vt cun angie of tha exponent vatues 1o about the came
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for each classification, but there is a slight offset difference at the
ordinate. The values for the ocean areas are somewhat lower than those for
the land regions which are, in turn, lower than thoce for the desert
exponents. This suggests that the controtling factor in the diurnal variation
of the reflecting properties is, not so much the underlying surface
praperties, but the atmosperic conditions varying throughout the year. In
other words, the variation of the exponent is much greater with season (sun
angle) than it is between different target classifications. This is an
important result when constructing directional albedo models for data

pracessing systems of earth radiation budget observations.

45 Comparisons with EREE Directional Albedo Madels.

As a,final point of discussion, the resuits of this study are

- -cornpared with the directional albedo models employed in the EREE dats .
processing sustem (release 3). The EREE methbjogg empioys 12 modelsof - - —
which 5 are assaciated with clear skies (CLR) and ocean, land, snow, desert

and land/ocean mixed surfaces; 3 partly cloudy (FC) models for ocean, 1snd-
desert-snow, and mixed surfaces; 3 mostly cloudy (MC) models for ocean,
lend-desert-snow, and mixed surfaces; and, 1 model for overcast (CLDY)

ctoud conditions. These models are derived from homogeneous surfaces as
defined by a scene identification algorithm. The results of this study are

Ine

for aversge scenes where CLR Lo CLDY conditions are mixed, tagethe!

-

|u
—

would anticipate that the average EREE models for FC and MC s tupes
would compare favorably with the models of this stedy. However, the
varisticns of the modzle herein are much greater for heteorogeneous tergets

Urnaiisoh PAGE IS
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than gre the variaticns \n ERZE models for pure scene types. This is an

unexpected result of the study.

The comparison of desert models is presented in Figure 22 where
the directiconal albedo function in equation (8) is plotted as a function of the
cosine of the solar zenith angle pg. Each ERBE desert mode! is identified by
the biack triangles and the cloud condition &cronymn. The bounding range of
models associsled with this study are plotted as lines and identified with
their associated value of exponent. For example, the desert models range
seasonally for values -0.3 < p < 0.1 in magnitude as was shown previously in
Figure 19. The comparicson of the shape of the models is excellent.

However, the resuite of this study suggest limb darkened models for
summer seasons, and sotnewhat less variation in atbedo for limb brightened

models compered to th° EREE directional albpdo

Similar comparisons are presented in Fiqures 23 - 25 for land,
ocean and fand-ocean mixed models, respectively. %hen looking at thege
grébhs, the models of this study indicate @ much larger variation in the
directionality of albedo as compared to the ERBE models. This is sttributed
to the seasons! variation mentioned earlier which seems to dominate the

change in directional albedo models.

The comparisaen of enoy models is shown in Figure 26 where the

dats from this etudy cro soonaisted ot e guogriomest areas of the

[ e >
o e - -



Antarctic eentinent, and the northern latitudes of Asia and Morth America.
Again, the study results show that the variations of directionat ~atbedo are
greater than those for the ERBE mndels. This is also attributed to seasonsl

varisticns of atmospheric conditions.
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9. Summary and Conclusions

Directional albedo models define the physical properties of
reflection by describing the variation of atbedo as a function of the solar
zenith angle. The observations by the ERB scanning radiometers on Nimbus ¢
satellite are particulary suited to examine the spatial and temporal
varigtions of the earth albedo. However, the sampling of target areas as a
function of solar zenith angle is naturally constrained by measurements

from 8 local noon, sun sychronous orbit.

It is shown in the theoretical approach of Section 2 that the
properties of the directional albedo function may be inferred from
observations at a constant zenith angle by applying the principle of
reciprocity. Thus, the restrictions of sampling radiances at different solar
zenith ang!es'from the Nimbus ?‘ortn't are rela_xed. The dirgctional al»bedro
function is dzfined as an exponent p of the direction consine of incident
solsr radiation pg., thatis, 6(8y) = pgF. The value of p is read from the
siope of a modified Minnaert plot of the log of limb radiance against the log
of the direction cosine of the satellite view angle.

) Observations of Iimb radiance from Nimbus ? satellite are
assembled into four seaconal periods with 21 days of data each, and &
additional monthlg periods with 3 daus each. Seasonal data were qrouped
into gengraphical regions including land, ocean, decert, tundra for 1Q°
tatitude zones from G0°M to 80°S. About 1,000 combinstions of models are

examined by anslyzing the variation of the exponent p determined from the

Minnaort miots ORIGINAL PAGE is
OF POOR QUALITY
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The method of least squares is used to fit linear regression lines to
the observations on the modified Minnzert plots. Typical standard

estimates of th

lU

grrar rengz from 001 1o £0.02, and the corresganding
rms differences in the fit to the radiances are about +2 wW/(m?-sr) to
+4 W/(m?-sr), respectively Theresults indicate that the principle of
reciprocity may te applied to composite ebservations from heteorogensous

scene groups.

In the results of Section 4, the variations of the exponent p are
examined for monthly and s22sonal changes in atmospheric conditicns, and
for different geographical groupings of the satellite observations. The

results are prezented in Figures 2 through 26 of the report. Values of p

range from +0.15 for tropical mountaing (3 Hmb darkenzd scene), to negative

.

exponents of -0.90 for winter at kigh Iatitudes Ja strongly Himbd brightened
scene). Avalve of p =0 corresponds to a Lambert surface having rio

directionality in the sibedo function.

Three important canclusions of the study ere: (1) seasonal
varigtions of stmospheric cenditions dominate the variations in the
directionsl slbedo function; (2) the type of underlying surface has § second
order effect compared to the seasonal changes in stmaospheric conditions;
gnd, (3) the overall variation of heteorogenecus sceng models from this
study ig significantiy larger than those described by the EREBE models for

pure ctens tup2s

22
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Fig. 1 Interpretation of the optical properties of the exponent p in the
directional atbedo function of equation (8).
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Fig. 10 Varialion of the exponent p with lstitude for tesert regions of the
warld during the SH summer and HH winter sessons. The black
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The sverage value of the exponent is -0.2 for the entire world.
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Fig. 22 Comparicon of desert models fram this study with those emplayed
in the ERBE data processing system (release 3). The curved lines
itlustrate the range of model veriations for exponents shown in
Figure 19 of this study. The black triangles illustrate the EREBE
models for clear (CLR), partly cloudy {PC), mostly cloudy (MC)
and overcast (CLDY) desert conditions.
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Comparizan of land madels from this study with those employed
in the EREE data processing system {release 3). The curved lines

illustrate the range of model variations for exponents shown in
Figure 20 of this study. The black triangles illustrate the ERBE

models for clear {CLR), partly cloudy (PC), mostiy cloudy (MC)

and overcast (CLDY) land conditions.
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Fig. 24 Comparison of ocesn models from this study with those employed

in the EFRBE data processing system (release 3). The curved lines
itlustrete the renge of mode! variations for exponents shown in
Figure 21 of this study. The black triangles illustrate the ERBE
rnodels for clear (CLR), partly cloudy (PC), mostly cloudy (MC)
and overcast (CLDY) ocean conditions.
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Comparison of land-acean mixed models from this study with those

employed in the ERBE data processing system (release 3). T

he

curved lines illustrate the range of model varistions determined in
this study. The black triangles illustrate the ERBE models for clear
(CLR), partly cloudy (PC), mastly cloudy (MC) and overcast (CLDY)

lsnd-ocean mixed conditions.
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Fig. 26 Comparison of snow models from this study with those employed

in the ERBE data processing system (release 3). The curved lines
illustrate the range of model variations for exponents determined
in this study. The black triangles illustrate the ERBE
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